S
ince the introduction of Roentgen rays in medical diagnostics, mummies have been subjected to radiographic and cephalometric studies. These have, among others, the advantage of providing details that are not directly visible for inspection without the need to tamper with the relics. The acquisition of three-dimensional imaging techniques has also extended the possibility of noninvasive investigation, so that many famous mummies, such as those of Tutankhamun and Ramses II, underwent three-dimensional computed tomography (CT). 1, 2 Software has been recently developed allowing cephalometric investigation based on three-dimensional models, which are very useful in the diagnosis and treatment planning of complex craniofacial deformities. These let the investigators make measurements on virtual reality, which reproduces the elements under study in an absolutely precise manner. Moreover, three-dimensional models can be adjusted through specific image management programs, and this feature can be particularly useful in removing the positional artifacts of the mummified subject.
Mummification may, in fact, induce various random alterations that occur during or after the process or result from the required invasive procedures. 3, 4 In particular, several invasive procedures are needed at the level of the skull, and these include the following:
& extraction of the brain from the cranial cavity through metal hooks inserted into the nostrils; & application of hot resin, poured into the skull through the nostrils to stop the decomposition of the brain matter accidentally left inside the cranial cavity; and & Oral and nasal tamponade, which causes positional changes of the mandible. For these reasons, open mouth cephalometric analysis was performed and then can be graphically or manually corrected on two-dimensional cephalometry. 5 In this study, we used a more precise three-dimensional system to correct maxillomandibular relationship postmortem to realize an accurate three-dimensional cephalometric analysis.
MATERIALS AND METHODS
Under study is a 20-to 30-year-old female Egyptian mummy found in Fayum, dating from the second century B.C. The mummy was dated twice with carbon-14 in 2 different centers: the EURAC (Institute for Research and Further Education, Bozen, Italy) and the CEDAD (Dating and Diagnostic Center, Lecce, Italy). At the time of discovery, the mummy was wearing a cartonnage panel made with flax and calcium carbonate, a funerary mask, sandals, and coverage at the level of the legs, where it was possible to see writings.
Our study focused on the evaluation of the craniofacial district. The mummy showed her mouth open, and degeneration of the articular cartilage of the temporomandibular joint was probably present. With our method, we intend to reduce or to eliminate these artifacts that could interfere with the accuracy of the cephalometric study.
Brilliance CT 64-channel (Philips Medical Systems, Amsterdam, the Netherlands) was used for three-dimensional CT examination. The protocol generated 120 kV and a current of 150 mA. Slice thickness of the images was 1 mm with a 0.5-mm increment. Images in DICOM format were processed on a PC by means of a commercial software, thus obtaining the three-dimensional reconstruction of the skeletal structures. 6 The mandible was virtually repositioned by using a dedicated software in probable occlusion of the subject. After three-dimensional reconstruction, on the basis of dental relationships, maxillomandibular rapports were evaluated, and three-dimensional cephalometric analysis was performed to study the facial typology and rotational type according to Petrovic 
RESULTS

Cephalometric Analysis
Calculated cephalometric values are shown in Tables 1 and 2 .
Dental Evaluation
All dental elements are present in both arches, including the upper and lower third molars. Teeth appear quite aligned. A bone defect is shown in the apical area between 3.1 and 4.1. There are no tooth decays, but dental usury signs are present, probably because of unrefined food consumption. These data are confirmed by other studies about ancient Egypt's mummies, which according to Egyptians were affected by periodontal defects, dental usury, and very small tooth decay rate. 5 
DISCUSSION
Many mummies' Rx/TC cephalometric analyses were performed to study and describe their different aspects. In this type of study, there are postmortem structural artifacts, for example, in the craniofacial district, a modified mandibular position, because of mouth swabs or perforations caused by mummification.
For these reasons, open mouth cephalometric analysis was performed and then can be graphically corrected on two-dimensional cephalometry. 5 We used a more accurate three-dimensional imaging correction, because our software allows moving virtually a definite skeletal segment in a three-dimensional space with appropriate pivot.
In this way, we can graphically ''delete'' mandibular position detected anomalies, checking new mandibular position based on correct occlusion.
In this report, the jaw appeared rotated and laterally deflected, so it was repositioned with a pivot in the condylar axis for closing movement and a pivot in the chin symphysis to correct mandibular lateral deflection and its centering on median facial axis.
After mandibular position correction, three-dimensional cephalometric analysis can be performed. Three-dimensional CT and cephalometric analysis follow our diagnostic procedures in patients affected by craniofacial malformations. 3 From closed-mouth data collected (Table 1) , we can confirm that the mummy shows a first skeletal class, with a clockwise mandibular growth direction, according to the rotational type.
7 Similar measurements were obtained comparing closed-mouth data collected with adult Egyptians and from Iowa males' current standards 8, 9 (Table 3) .
We also compared open-mouth data collected with other mummies' open-mouth data collected by different authors 10 (Table 4) ; SNB angle is reduced, and point B results in a posterior position in our mummy; ANB angle and SN/PM angle increased, according to greater mouth openness.
CONCLUSIONS
The presence in mummies of positional or structural postmortem artifacts can be a barrier to cephalometric and craniofacial studies (positional alteration of the jaw). These alterations can be easily corrected with specific image management programs.
The possibility to modify the image and to make threedimensional reconstructions and cephalometries is certainly useful for extremely ''realistic'' anthropometric assessments, especially when direct inspection should be avoided.
With the method we used, it was possible to verify that the data obtained are in substantial agreement with those reported in literature. The measurements on our mummy are very close to the cephalometric 6 our mummy does not suffer from caries or inclusion of the wisdom teeth, which are all present in the 4 dental arches. The mummy has dental wear and malposition with lingual dislocation of the elements 4.1Y3.1, probably because of periodontal lesions or a postmortem artifact.
